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MORS Workshop: Agent-Based
Models and Other Analytic Tools
in Support of Stability Operations

Science Applications International
Corporation (SAIC), McLean, VA
25-27 October 2005

tions Analysis Diviston, Marine Corps Combat Develop-
ment Command (MCCDCy and COL George F. Stone,
LIS Ay, Director, US Army Battle Command, Simulation and
Experimentation Directorate (BCSE, Anny G-357) co-chaired
the unclassified workshop entitled dgene-Based Models and Other
Analvtic Tools in Support of Stabiliny Operations at the Science
Applications International Corporation {SAIC) Conference Cere
ter, 1710 Solutions Drive, Mcbean, VA from 23 1o 27 Ocweber
2003, Three MORS Sponsors, Mr Walter W. Hollis, FS, Deputy
Under Secretary of the Army {Operations Research), Dr Jacque-
line R. Henningsen, FX, Director, HQ USAFAY, and Dy George
Akst, Senior Analyst, Marine Corps Combat Development Com-
mand, gave plenary session remarks.
Gaoals of the workshop were to idendify srechnigues and method-

C ol Gregory C. Reuss, LISMC, Director, USMC Opera-

ologies that show promise for conducting analyses in support of

stability operations and o determine the capabilities that agem-
based models provide for military analyses. This was achieved by
bringing wgether Dol> and non-Dol analysts working on projects
related to stability operations and agent-based models. 149 una-
lyses and decision makers participated in the workshop. This num-
ber included 10 foreign nationals {three each from the United King-
dom and Germany, and two each from Canada and the Slovak
Republicy and 134 US citzens, Of the later, 53 were new
MORS,

LFC Scott Schutzmeister, US Army. BUSE. facilitated the
workshop as owr emeee, MORS Prt.mdnm. Col Suzanne Beers,
LSAF, and Mr Ren Adams, of SAIC presensed welcoming
rmmrks Brigadier Geners! Themas D, Waldhauser, Deputy

‘lnmfmdzz&g General, Marine Corps Combat Development C ort-
mand, was the keynote speaker and vibrantly deseribed stabil
operations fFom the tactical level Dr Barbara Stephenson, Di

(See AGENT-BASED MODELS, p 33;
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MORS Workshop: Homeland
Security/Homeland Defense
Decision Support

Johns Hopkins University/
Applied Physics Lab, Laurel, MD
15-17 November 2005

MORS conducted a Workshop on Homeland Security/ Home-

{and Defense Devision Support at the Johns Hopkins Univer-
sity/ Applied Physics Lab {JHU/APL), Laurel, MD, 13-17 Noveny-
ber 2005, The conference was atended by 120 people representing
all services, the Combatant Commands, OSD, the Joint Staff, the
Department of Homeland Security (DHS), and the Homeland Secu-
rity Institute (HSI). Of those attending, 40 were atrending their first
MORS event. Chairs of the workshop were Mr Tom Denesia and
De Andy Loerch.

The focus of this workshop was identifving and understanding
commeon areas for analytic suppert to decision makers in both the
Homeland Security and Homeland Defense analytic communities.
The intended audience was analvsts and operational planners at all
levels of the Departiment of Defease (DoDy and the DHS, This
workshop was the first major step in establishing 4 relationship
between these analytic communities. The goals and objectives were
to identify key analytic issues and capabilities and to promote col-
laboration for addressing options and solutions.

In response o a NORAD and USNORTHCOM initiative,

Specific Objectives

+ Examine critical analyie issues for protection of the homeland
awd identify capabilities ro address these issues to support the
devision makers,

« Examire specific opportunities for collaborative analyses and
identify technigues to facilitate the soliaboration,

« Examine socisiechnigues/data sources that currenthy exist and
ones that should he created to support dectsion makers.

+ Examine shonfalls and gaps where analytic suppost could be
applied w assisr dectsion makers.

iS¢ HOMELAND SECURITY  p. i4)
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Owning the Night

James C. Miller. Ph.D.. CPE. Human Effectiveness Directorate, Air Force Research Laboratory, jemiller@brooks.afmil

Introduction
TYou st not needlesslv futigue the
froaps. " Napoleon Bosapare, 17%.

ight work 1% a crime against uman
biology., We cannot see well inthe
dark. Our metabolism slows afler
nmmgm until it reaches a nadir, usually
during the pre-dawn hours. During the
night, the pineal piand at the base of the
brain releases the hormone melatonin
which, in turn. makes us feed drowsy, AL
night, the hkelthood that we will sleep iz
very high, as our bruns and bodies are
designed to sleep at night and w work dur-
ing the day. Thus, when an operation
requires staffing 24 hours per day, 7 days
per week (247, sleep quality and quanti-
tv suffers, and sleepiness and fatigue will
plague any human-machine svsten,

In human-machine systems, the most
unprediciable component in the system is
the uman, After truining and currency, the
greatest contributor to variability in human
pertormance is fatigue. Good human-
machine system design expleits human
strepgths and protects the system {rom
hurnan weaknesses, and this is a funda-
miental concept in human factors engineer-
ing. The human brings W a system much
more powerful pattern recogninion capa-
hilities and decision making skills than can
be provided in software. However, the
human also brings much more perform-
ance variability 1o a svstem than one finds
in softwars,

Incomplete training and lack of curren-
ey are sources of human variability. When
novices are learning to operate a complex
systen, they generally follow s learning
carve. Imtially, their pxrrfommzwe is quite
poor (and variabled, but they learn the
basics quickly. Later, thelr performance is
hetter on average, but still more vanable
than desired. Finally, as they approach the
expert level, their average perfonmance is
guite good, and exhibits small variance.
Similarky, when an expert becomes rusty i

the operation of a complex svitem, his per-
formance may be more variable thap
desired untif he renirns o the expert level.

One of the primary halimarks of humnan
fatigue is incrpased performance vanabil-
ity Thus is due to large amplitude, moment-
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fo-moment Suctuabons in allenivendss

associnted with fatigue. Average perform-
ance may be acceptable, but there are brief
peno da when responses are extraordinare-

w:i or absent (often catied “dis-
, ity One i3 more easily disracts
ed whcn mugue&

The Afr Force Safety Center sorts the
generators of fatigue imo five categories:
physical, cireadian, acute, cumulative and
chromic

. Physical Effects, These effects are dug
to either acrobic or anaerobic overexer-
Lon.

2. Circadian Effects. There are inherent,
unavoidable, 24-hour rhythmy in
hrnan cognitive and physical perform-
anee, Most of these cireadian rhythens
osciliate between their high pomt late in
the day o their low point in the pre-
davwn hours with a8 peak-to-trough
amplitude of about 3 to 10% of their
average.

Acute Fatigue, Acue fatigae builds up

unavoidably within in one waking and

duty period. One good-quality, nociur-
nal sleep period cures acute fatigue.

4, Cumulative Fatigae. Cumulative
fartgue boilds up across magor waking
and duty peniods beoause there s nad-
gouine sleep between the duty perfods.
Recovery from cumulative fatigue can-
not be aceomphished with a singie qual-
ity. noctural sleep pericd.

5. Chronic Fatigue. Chronic fatigue may

set in after one to two weeks of cumu-
latpve fatigue. Ds sveptoms are similar
tr those of Chronic Fatigue Syndrome
{CFR}. Unlike CFS, however, the cause
is continuing cumulative fatigue, and it
aeeurs much sooner than the f-month
dlagnostic requirement for CFS, The
Adr Force Safery Center has in the past
called chronic fatigue “motivational
exhaustion.” While this labef accounts
for only one of several possible symp-
woms of chronic fatigue {apathy) .8
effectivelv desenibes the attitude that
one observes in a person with chronic
fatigue.

ke

Fatigue is ubkquitous, pervasive and
masidions. By ubiquitous we mean that

8

fatigue affests evervbody, There are indi-
vidual differences, a fow people are raly
more resistant to fatigoe effects than oth-
ors, Unformmately, most people seem: to
feel that they are more resistant wo fatigue
effects than others. This misperception can
ead to the formanen of eadvised nien-
rions and decisions.

By pervasive, we mean tat fatgue
affects evervthing we do, physically and

cognitively, Again. thew are individus!
differences. In the phyvsieal dormain, ther
are those who are inherently able o train
oo much greater levels of strength and
endurance than most. There are also inher-
ent differences in fatigue resistance.

By insithious, we mean that when we are
fatigued, we are often unaware of how
hadly we are performing. Most people
have experienced the attention lapse asso-
ciated with mild fatigue when they muss a
freeway exit or realize suddenly that they
don’t remember the last mile or two driv-
en on the highway.

A Fatigue Model
Forwnately, the biological changes and
thiythms that cause fatigue-indoced van-
ability in human performunce are relative-
Iy predictable. We have quantitative mogd-
els and simulations that allow uz o
ei«'timm and predict the timing and sever-
ty of fatipue episodes, given some infor-
m'xrmﬁ or data-based assumptions abow
when and how much people sleep. A quap-
ttative approach was applied here through
the use of the DoD's Sleep, Activity,
Fatigue and Task Effectiveness {(SAFTE)
model. SAFTE integrates quantitative
information aboyt: 1) circadian thythms in
metabolic rate; 2} cognitive performunce
recovery rates associated with sleep, and
cogmitive performance decay rates associ-
ated with wakefulness; and, 3) cognitive
performance effects associated with sleep
inertia to produce a model of kuman cog-
nitive effectiveness, SAFTE has been
under development by the Do) for more
than a decade, and the Federal Railroad and
Aviation Administrations have now joined
the development team.
The general architecture of the SAFTE
maodel 15 shown in Figure 1. A circadian
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process influences both cognitive effec.
tiveness and sleep regulation. Sleep regu-
Jatron is dependent upon hours of sleep,
nours of wakefulness. current sleep debt,
the cirvadian process and sleep fragmenta-
tion (awakenntgs during a sleep periody,
Cognitive effectiveness is dependent upon
the current balance of the slzep regulation
process, the circadian process, and sleep
mertia. SAFTE has been validated against
data that were not used in mode!l develop-
ment. 1334

The Fattgue Avordance Scheduling Tool
{FAST ™) is software that i based upon the
SAFTE applied model. FASTT™ an Al
Force Spall Business Innovation Research
product, allows planners and seheduolers to
estimate the average effects of various.
schedules on human cogniive performe
ance effectiveness, FASTT™ was used to
support st quantitative assessments that
are described briefiv in the remainder of
ths article.

1. A Fatigue Checkcard for Mishap
Investigations.® Investigators of work-
piace and transportation acedents and inci-
dents seldom bave the instruments or
expertise required 1o determine whether or
not human fatigue might have contributed
ta the mishap. The Fatigne Checkeard and
assoctaled protocol were designed as a
serzening tool w fill this need. Using the
Lhu.kmm, the investigator may generate

SAFTE-based score for seven simple
é;ﬂasefwnzimls; 13 Length of prior wakeful-
niess: 2} amount of pricr sleep for the pre-
ceding 72 hours; 33 tme of mshap: 4)
number of night shifis in preceding 30
days: 53 time zone change and days in
zone; 6 tvpes of human errors associated
with mishap; and, 7) estimated physical
exertion across the work period of interest.
Ifthe score is above a eritenion level shown
on the card, then the Investigator shoald
contact a fatigue expert for additionai help
withs the investigation to confirm or negase
the positive result of the Checkeard screen-
ing. The Checkeard is being incorporated
e the Adr Foree Safety Center's AF Safe-
tv Automated System {AFSAS),

2. Operational Risk Management of
Fatigue Effects®” This was our first
atlempt to use SAFTE and well-accepted
¢ countermessures in the context of
operatinal risk management. We Hsted
the known, primary physiological and psy-

chological effecs of fatigue. These effects
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Schematic of SAFTE Model

Sleep, Actrvitv, Fatigue and Task Effectiveness Model
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were allgned approxirately with the cog-
mitive and physiological tests shown t he
sensitive to the fatigued state. The extrap-
olation of the Hsted effects o safety-sensi-
tive jobs was explained through examples.
Each effect had the potential 1o cause harm
in military operations and, thus, was a haz-
ard. Using SAFTE, we quantified the risks
assoclated with five types of fatigue: phys-
ical fatigue, circadian effects, acute fatigue,
cumuliative fatigue, and chronic fatigue.
The best fatigue countermeasure 1% slvep,
which is the ondy countermeasure that pro-
vides recovery. It also reduces the proba-
hality that fatigue will have an effect on mis-
sion safety and, concomitantiy, reduces the
zxposure o {atigue. When adequate sleg)
cannot be used to counter fatigue, then one
must consider the use of "Go” and “No-go”
adjuncts, imcluding schedule adjustments
and phannacolegical adjuncts.  These

admmtﬂ serve 1o reduce the severtty of

eifects or the exposure
é sk, All

 to fatigue-
comtrols except slegp

3

shoukd be viewed as “band-aid” approuch.
e, o be used as a last resort when other

rois are insafficient and the mission
nuust be geeomplished. Recovery sleep will
1l }v‘ necessary after the other controls
been applied so accomplish the mis-

3. Scheduling Airerews I: Intra-Theater
24/7 Operations.® Adrcrew fatigue prob-
ferns had been documented in 247 intra.
theater, tactical arrlift operatons. One rea-
som was the irregularity of the schedule for
& grven crew across davs.

Thers are three approaches to 2477
scheduling: 13 fixed shifis; 2) rapidly rotat-
ing shifts; and, 3} slowly rotating shifis. We
assumed that some sort of & rotating shift
was necessary, and applied seven schedul-
ing principles:

1. Setanormal, maximun crow duty peri-
od {CHP) of 14 hours to allow 4 crew to
work on g 24-hour eyele,

. Follow each CDP lomger than 14 hours

with & day off

Schedule etther
A long sequence of night shifis ina
slowly-rotating schedule {with ade-
quate skeep facilities} to allow aecli-
mation 1o night work and day sieep, or

» A minimum number of conseculive
night shifts in a rapidiy-rotating
schedule to minimize exposurs 1o
night work where sleeping {acilivies

are inadequate.

4. Inarapidiverotating svstem, follow sach

might shift with 24 hours off,

{See OWNING THE NIGHT . 38

o

t4d

s
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Teontintied from . &

Ly

. Schedule long, contigunus perods of
fizne off

6. Assure eyuity by
equal demands §
wirk amd eqgual ¢
good qualioy time off
Schedule an sirerew such that their show
v does not dufer more than cae hour
oy suecossive davs 1o allow the crew w
continae on @ 2d-bour ovole,

2 ail alrcrows
“DP}; and nigh
o day work and

We used five scheduling variables o pro-
du ¢ an exannpie of g slowhe-rowting sched-

fe and an example of & rapidlverotating
schedule. The vanables were:

. Number of crews and manning ratio,

- The relavive numbers of work and |
dayx,

- CDP and crew workioad.

. The sequence of work and lree days.

. Show thmes.

"y
-

free

dse e

¥

We penerated one example of a slowly-
rotating schedule for crews with good day-
sleep quarters and ore example of a rapid-
Iy-rovating schedule for crews with poor
day-sleep quarters. These examples were
assessed for fatigue risk by plotting them in
FAST™  Schedules such as these provide
ecguity across crews, predictability for &
crew, and long, contiguous perieds of fime
off that should help combar the onset of
chronte fatigue.

4. Scheduling Adrerews 2: Nighttime Mis-
stons.” The objective of this effort was to
develop SAFTE-bused aircrew work-rest
guidance that dealt with the shift lag issues
associated with nighttime missions, such as
scheduling night-vision-goggle (NV{)
raining sorties. This guidance would be
used by operstienal congnanders o deter-
mine when best 1o employ their crews.

We constructed guidance for military
aviation fraining mi
the day. Eventag missions generally oper-
ate within the period 1300-0000, and allow
erews w accomnplish thelr night approach-
es, landmgs and other required training,
such as operanons with NVGs, wiule night
missions are fown in the 0000-0600 peri-
wd. We presented options for {lying evening
missons, night missions, acclimation to
permanent night missiony, and ree-acchima-
tion o diy work.

VRN A T 4 A%

womg by the quarier of

5 Sch edi&lmg Adrerews 3t Deplovment, '@
The \z‘o; ¢ of this effor was w develop
SAFTE wfafi airorew work-rest guidance
that dealt with the jet layg Issues associated
with deploviments across time sones, This
inee would be used by operstonal
amders o determine when
deploy ! wir prews, We examine

oS in FaST™ 405, 4. =«hmzr
4 to both the sast and the west with
S is*mm day or sught CDPe. We made
recormmendations for seheduling practices
mclading the use of alermess aids and xlug‘

51t

x;..S

6. Shiftwork Scheduling. The AF Inwpec-
tor Creperal and the Alr St has wsbed us
e write an Adr Force Manual o shiftwork
schedubing. The nurmber of possible shift-
wiwk schedales s infinite, bat our approach,
calied pringiple-based scheduling, con-
strains the candidates 1o those schedules
that are simple, practical t implement and
least harmful 0 worker health, job per-
formance and attitude, The constraints are
ning scheduling principles drawn from our
physiological and behavioral research, care-
ful considerations of the zero-sum nature of
the clock and calendar for cvelic schedules,
and caleulations supported by FAST™,

This manual 15 wmed & munagers,
supervisors, shiftwork schedulers, and
emplovees, Bowill help them design optimal
shiftwork schedules that produce beneficial
changes in the workplace Specifically,
they should: |y understand the nine princi-
ples that should be apphied w shifvwork
scheduling: 27 lears how 1o gse the pringei-
ples 1 specify the nine componeats of shaft-
work scheduling: and, 33 understand how 0
assess the effects of a change i a shiftwork
schedule. Workplace scheduling applica-
Hons based upon recommendations i the
manual should minimize funpue effects n
shiftwork.

Summary

The most unpredictable companent in
any hwmananachine sysiem s the human,
After training and currency, the greatest
contributor (o that haman variability is
tarrgue. When an operation requires staffing
2477 sleep quality and quantity will abways
suffer and human sleepiness and fatigue
will always peour. Fortunately, the binlog-
ieal changes and shythens that cause fatigue-
induced variabilioy in humaa performance
are reletvely lawtul and sredictable. We
hawve used the Deolds Sieep. Activity,

38

Fatigue and Task Effsctivercss {(SAFTE)

ware,
mients, Finally, we bave been tasked

lernented in the FA5TT gub.

port five g

T sup

iauﬂ”{d&‘% O OASHORE

+
1
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P
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AF Inspector General and by the Air Seafy

rite an Alr Force Manual on shiffaeak
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THE OPS ANALYST
{eontinued from p. 13}

sodution, if one exasted i that direction {see
Figure 21 All he had to do was build an
@ vom] i to land in g region in which
FONTN and he would get a new solution.
A fittle more thought convineed hum that
the number of solutions was bounded.

In short tme, the Licuténant pro-
grammed the alporithm, tested it and
showed it to the Major and the Captain. It
was clear they didn™ completely under-
stand - or believe - his explanation of
the FONY caloulation and search technique.
“Awiully long, isn't 17" the Captain asked.

“Are vou sure you can’t find o simpler way
o solve the problem? My program wasn't
raore than fifteen lines. Your run time must
be horrendous.”

“Well, | could probably shorten it some,
but T was trying 1o program 2 more gener-
al case, not just find the smallest selution,
And no, it rans fast. Go abead and v iU

“So what are all these numbaers it's spit-
tng out? The Captain pressed. trving not
w be condescending. “Where's the solu-

w3
AN

“These are gl solutions o F{Ny »
This firstone is the smallest one. Here, the
“=*’%~f«'"‘ax:z’s about 1w stop. See, there’s the

ast solutien: 1.111,118,150. And fronly
ok 40 seconds,

I he Captain made 2 ﬂui-;ln; afteration 1o
mmawx v and ran 1. Sure enough,

¢ some of the v'h:z nunhars vo
2ot Euz my program has smpped 4

el

fa‘(

PHALANX

?(a)

e

F(F(F(2)))

F(F(a))

Figure 2. Graphical iterpretation of the search sequence a. Fay, FiF(a)), ...

for a region

above the YN line. The sequence can be proved wo always ead 8t 2 solution of FONeN o

one exists that 15 larger than a,

2600001

The Liestepant glanced over. “No o
hasn™t. IUs just that the next solution wall
take five imes as long a3 the last, which
wok ten minutes. And i gets worse. To
get all the solutions, vou'd ueed W run
thrae days.

*But what about the oniginal problem?™”
the Major pressed. “Mavbe yvour pro-
gram’s fuster if vou're rving 1o get all the
solutions, but how long did it take o find
the first solution””

“Serpewhere around 130 mitlise
Sait's much faster for hoth goals, ’ﬁuz ynu
ratse & good guestion. There are
tradeotts mvolved bere. T3 we nee i w0 get
the firs: answear or gl of them” Do we need
to ainimize the ran tme o e program-
ming me’ Are there memory and nme
wadenils — for example, 13 1 faster t storg

ali the previous solutions in case wour need

them again, or should vea just recaleu-
late?”

The Migor was mirig

wed, “This s all
new 1o me. ve used th

hat problem for

39

vears, and no one’s ever come up with a
different algorithm - Just a fow program-
mihg tricks.”

Leaving the Captain staring at the code
histing and mumbling something abomt
hardwiring answers, the Lientenant and the
Major feft o talk & bit more serioushy about
how the shop mighl use operations
research,

Editors Note

Colonells) Peter vanden Bosch,
m, PRI, s Deputy Directon Anaby-
sis Integration and Foundations in the
newly formed HO USAF/AY (Aor Foree
Studies and Analvses, Assessments end
ns Lesrmedy  This story i3 almos
; monhictiongl 11 occurred wm the
i a research lab, No enpineers
were hanmed in g production. Modified

£l

%

with permussion  from Methemuios
Teacher, copyright 1997 by the National
Couseil of Teachers of Mathemancs, All
rights reserved. ©

March 2006



